Borrelia vincentii is usually considered to be present in small numbers as a part of the indigenous flora of the human mouth. When associated with the mixed flora of Vincent's infection or other inflammatory processes, however, its numbers are markedly increased. It has been noted in these laboratories also, that when pure cultures were contaminated with facultative or anaerobic organisms, the spirochetes occasionally grew more rapidly and produced larger cell crops.
Since it was obvious that the enhancement of spirochetal growth in the artificial environment was due to the activity of the contaminating organism, it is a logical assumption that a similar situation occurs in the natural environment. Therefore, a variety of more common oral bacteria were screened for spirochete stimulating properties, and upon finding an active organism, the identification of those products most probably used by the spirochete was undertaken.
MATERIALS AND METHODS
A strain of B. vincentii, used in this laboratory for nutritional and other studies, was cultured routinely in a modification of Huntoon's hormone medium (Hampp, Scott, and Wyckoff, 1948) The medium used experimentally was the same as that used for routine cultivation of the spirochete, except that 1 per cent agar was added.
A modified auxanographic technique was used to establish the occurrence of interactions, and to determine the activity of all known compounds tested. Fifteen ml of a 10-day culture of B. vincentii, containing from 100 to 200 X 106 cells per ml were seeded into a liter of test medium. Then 20-ml amounts were poured into sterile petri dishes. One drop of a washed 24-hr culture of each of the organisms to be tested for spirochetal growth stimulation was placed on the plate surface by means of a sterile capillary pipette. Each culture had been washed three times with, and was resuspended in, 10 ml of sterile distilled water. All of the organisms studied grew well under test conditions.
Using aseptic means, 1.5-cm filter paper discs were impregnated with samples of sterile solutions of various coenzymes and intermediates. These were dried in a desiccator, then placed on the surface of the seeded plates. The plates were incubated in an atmosphere of H2 at 37 C for 10 days.
Chromatographic methods were used to identify the stimulating substance in cell-free extracts of the active organism.
RESULTS
Of the organisms tested, only a microaerophilic diphtheroid stimulated demonstrably the growth of B. vincentii. The interaction is shown in figure 1 . The large diphtheroid colony at the site of inoculation is surrounded by discrete agglomerations of spirochetes. This was confirmed by dark-field microscopy. There is no evidence of stimulation around a filter paper disc impregnated with 0.1 ml of the spent medium in which 783
Figure 1 (top) . Interaction between Borrelia vincentii and a microaerophilic diphtheroid, in which spirochetal growth is stimulated. The diphtheroid colony is surrounded by spirochetal agglomerations. There is no evidence of stimulation around the filter paper disc which had been impregnated with spent diphtheroid culture medium. Figure 2 (bottom). Effectiveness of cocarboxylase as a substitute for the diphtheroid in stimulating the growth of Borrelia vincentii. The filter paper disc had been impregnated with 10,ug of the coenzyme. The diphtheroid colony serves as a control of the interaction itself. (Note: These plates were photographed at a slight angle in order to improve contrast. The bright area at one side is due to light from the source, reflecting from the glass.) the diphtheroid had been grown, although living spirochetes could be found, microscopically, throughout the medium. To determine something of the nature of the active product of the diphtheroid, the growth factors known to be required by the spirochete Nevin and Hampp, 1959) were substituted singly for the organism. Of those tested, only cocarboxylase proved active, as is shown in figure 2 . The filter paper disc had been impregnated with 10 ,ug of the coenzyme. In view of the work of Holman (1955) and the fact that the diphtheroid is a known producer, catalase was tested also during this series of experiments and was without measurable effect.
Upon autoclaving the basal medium to destroy any cocarboxylase activity, then adding the enrichments and the seed culture, no evidence of spirochetal growth, either gross or microscopic, could be obtained, whereas the spirochete did grow under these conditions in areas adjacent to either diphtheroid colonies or discs impregnated with the coenzyme.
Since cocarboxylase stimulated spirochetal growth in fractionally sterilized medium, and appeared to be an absolute requirement for growth in autoclaved medium, it seemed probable that the fractionally sterilized medium used routinely, contained an insufficient level of the coenzyme to permit maximal growth. This probability was tested by comparing the cell crops obtained many times in fluid fractionally sterilized medium (100 to 200 X 101 cells per ml) with those obtained by cultivating the spirochete in autoclaved medium with cocarboxylase added at 1 ,g per ml, and in the same medium without added coenzyme as a control.
As can be seen in figure 3 , the addition of cocarboxylase to autoclaved medium yielded a cell crop of 480 X 106 per ml, or better than twice as large as had been obtained previously. There was no significant increase in cell count in the control cultures. Cell numbers were estimated by direct counting in a Petroff-Hausser chamber. Since the data obtained in this experiment were plotted as growth curves, it is evident also from figure 3 that B. vincentii has a rather long generation time, about 24 hr.
In view of the evidence relating cocarboxylase to the spirochete stimulating property of the diphtheroid, it was desirable to demonstrate either the coenzyme or a compound having similar activity in cell-free preparations of the diphtheroid. Therefore, a 2-ml volume of washed, packed diphtheroids, harvested from an 8-day broth culture, was ground with alumina in a mortar and pestle, and then extracted with 5 ml of physiological saline in 0.1 M phosphate buffer at pH 7.0. After sterilizing by filtration, the extract proved active auxanographically, and could be substituted for the required cocarboxylase in a partially defined medium Richardson and Schmidt (1959) is probably dependent upon a nutritional factor also.
It would appear that interactions such as those described by Rosebury, Gale, and Taylor (1954) , Nurmikko (1952) , and the other investigators cited, as well as in the present report, are manifestations of some of the dynamics by which microspheres are maintained.
SUMMARY
The growth of a laboratory strain of Borrelia vincentii was found to be stimulated by a diphtheroid, which was isolated from the human mouth. A modified auxanographic method was used. Substitution of a variety of compounds for the diphtheroid revealed that only cocarboxylase and acetyl phosphate were active. Chromatographic studies of cell-free extracts of ground diphtheroids disclosed the presence of a compound similar to acetyl phosphate, but no evidence of cocarboxylase.
